Material
The views expressed in this paper are based on a study of clinical and morbid anatomical material, personally observed by the writer during the period I938 to I954. It Examination of the limb pulses and enquiry into the history of patients with mitral stenosis show that many of them have had embolism of the limbs with unassisted recovery. In the patients with auricular fibrillation, the proportion showing this was found to be 27.3 per cent. and to increase with increasing age. In patients with regular heart rhythm the corresponding figure was 4.I per cent.
Aetiology
Only a single embolic incident in the series of 122 occurred in a patient who had no heart disease. Auricular fibrillation was present in 9I incidents, combined with mitral stenosis in 64. Four incidents occurred in patients with mitral stenosis and regular heart rhythm. Bacterial endocarditis accounted for 13 incidents and myocardial infarction for nine. In 3-incidents congestive heart failure was present at the time of the embolism but the incidence of associated non-cardiac disease was relatively low. Embolism occurred much more frequently while the patient was at rest than during activity. Thirteen embolic incidents occurred in close relation to over-dosage of digitalis (in two of these the heart rhythm was regular).
Consecutive Thrombosis
Local thrombosis in an artery after occlusion by an embolus (' consecutive ' or 
Symptoms
The onset of symptoms (hereafter referred to as 'onset') was sudden in 79 per cent. of incidents but there were some with gradual and undramatic onset. The commonest local symptom was pain, present in 71 per cent.; it was usually sited well distal to the position of the embolus and only in 15 per cent. was there any record of pain in the region of the occlusion. The only other common local symptoms, in order of frequency, were subjective coldness, numbness, loss of muscular power and tingling of the extremity ('pins and needles ').
In a small number of cases of embolism of large arteries (aortic and iliac) there were general symptoms superficially resembling those of surgical shock but differing from this in that the bloodpressure tended to be raised above normal level in the initial period. Signs Suppression of all arterial pulses distal to the occlusion was by no means invariable. In embolism of the aortic bifurcation or the iliac artery, it was not uncommon during the initial period for a pulse to be palpable, though usually specimen. Post-mortem arteriography demonstrates filling of the right common iliac artery, which the autopsy specimen shows to be the only patent part of the two ilio-common femoral trunks. There is partial filling of the two superficial femoral arteries by collateral flow but the injection has not developed sufficient pressure in these vessels to carry the fluid beyond the knees. In this case, both lower limbs survived without gangrene; the autopsy was made nearly two years later, when the patient died of subarachnoid haemorrhage.
weakened, for some distance beyond the embolus. In such cases the more distal pulses in the limb were usually suppressed.
Colour changes in the skin of the limb were common: pallor in severe ischaemia and cyanosis in less severe ischaemia. Lowering of skin temperature was usually similar in extent to colour changes. The ischaemic skin signs were always limited to an area well distal to the site of the embolus. Demonstrable muscular weakness, loss of tendon reflexes and sensory impairment were noted in the more severe cases. Signs of ischaemic muscle damage (swelling and tenderness, especially in the calf) were seen in about 20 per cent. of incidents, though subsequent fibrotic contracture was uncommon.
Extravasation staining (distinguished from cyanosis by failure to blanch on pressure) usually heralded massive gangrene; it never appeared less than i8 hours after onset and rarely less than 36 hours. Outcome A large number of cases of limb embolism recover spontaneously without coming under medical observation and cases seen in hospital therefore represent only a proportion of the whole -mainly those with the more severe ischaemic symptoms. The overall recovery rate is consequently considerably higher than that observed in hospital-series.
Because of the heart disease and its associated hazards, the general mortality in limb embolism is much greater than could be accounted for by the effects of the limb embolism alone. We are here concerned with the local result in the limb, assessed as far as possible independently of the general result in the patient. (When the patient dies of some other cause before the local result in the limb can be fairly assessed, the case is classified as ' indeterminate.') As a basis of comparison for different groups of limb embolisms, the' limb survival rate ' ('L.S.R.') can be used; this is the proportion in which the limb survives without gangrene, expressed as a percentage of all incidents in the group (including indeterminate incidents).
The results in the whole clinical series, including both treated and untreated incidents, are shown in Table i .
It will be seen that the L.S.R. varies inversely with the size of the occluded artery. In brachial and popliteal embolism, gangrene is rare; in fact no instance was seen in I4 cases of brachial embolism (the L.S.R. is not ioo per cent. because It would not be right to conclude that embolectomy never saves a limb but these figures indicate that the number of cases in which this is achieved is small-too small to have any statistical effect on the results of a large series. Some factor other than treatment must play a much greater role in determining outcome. In the writer's view this factor is the natural anatomical endowment of arterial collaterals. It is only in persons who have inadequate collaterals that embolectomy could improve the chance of survival of the limb and if this anatomical deficiency is present only in a small minority then the number of true operative successes must be too small significantly to affect the results in a large series. This conclusion is supported by the anatomical study of arterial collaterals by post-mortem arteriography, in which it was found that there is a proportion of persons with deficient arterial collaterals. In general, the incidence of deficiency in collaterals for the arteries studied (femoral, popliteal, upper brachial and lower brachial) was found to correspond quite well with the clinical incidence of gangrene in embolism at the corresponding anatomical sites.
Prognosis
If it be true that embolectomy can be of value only in a limited number of cases of limb embolism, then it becomes important to define the indications for operation and to establish the clinical data which enable these indications to be recognized with the minimum of delay. This is the problem in clinical prognosis.
It has been shown that the outlook for an embolized limb depends very much upon the site of the arterial occlusion. In embolism of the brachial and popliteal arteries, unless the patient be moribund, the risk of gangrene is negligible and there is therefore rarely any clinical problem of prognosis in these cases. In embolism of the aortic bifurcation, though spontaneous recovery does occur in some cases, the prospect is usually very poor. Moreover, aortic embolism is peculiar in that many cases which initially appear to be improving suddenly regress and develop gangrene and in the early stages there is no means of recognizing cases which will deteriorate in this way. For these reasons, there is no clinical problem of prognosis in aortic embolism: the outlook should always be assumed to be bad. The main problem is that of diagnosis, already discussed.
It is in embolism of the iliac, femoral and occasionally the axillary arteries that the problem of clinical prognosis is most acute. We have to recognize as early as possible those cases in which gangrene threatens.
Tempo of Improvement in Recovering Limbs
Correlation of the early ischaemic signs with the subsequent fate of the limb has shown that in a recovering limb obvious improvement of the circulation should appear within two hours of onset. If signs of grave ischaemia (see below) are still present after this, then natural recovery is highly unlikely. The signs which proved most useful in assessing the gravity of the ischaemia were:
(i) Pallor of the whole foot or hand. (2 Vaso-dilatation. In the writer's experience, vaso-dilator drugs have proved of little use in the treatment of embolism. Apart from this, there are theoretical reasons against their use, for they act generally and therefore must, if effective at all, tend to cause a fall of blood-pressure. There are good grounds for believing that this may impair collateral circulation in the embolized limb. The same consideration applies to the use of a warming cradle over the torso. The only vasodilator method free from this objection is injection of the regional sympathetic ganglia and this is therefore the method of choice, though in the writer's limited experience its effect is not impressive.
General
Management. An ischaemic limb should be kept at rest, not restrained and protected from pressure. It should neither be warmed nor actively chilled and is best kept exposed at ordinary room temperature. It must not be elevated and there may be some value in keeping it below body level. The most important element of general care is treatment of the heart disease to maintain the general circulation at its best and avoid a fall of blood-pressure. Overdosage of digitalis must be avoided and diuretics used with discretion in order not to produce undue haemo-concentration, which may precipitate intracardiac thrombosis and so increase the risk of further embolism. Amputation
Once gangrene is evident, there is nothing to be gained by delaying amputation. On the contrary, the rapid deterioration often seen in a patient with a gangrenous limb may sometimes be arrested by prompt amputation. This is especially necessary if, as is often the case, there is another embolized limb in which collateral circulation might be endangered by a serious decline in the patient's general condition.
